Objective: To assess the association between the intake of dietary fibre and carotid intima-media thickness (IMT) in a Mediterranean population at high cardiovascular risk. Methods: Baseline cross-sectional assessment of 457 men and women (average age 67 years) from two different Spanish centres of the PREDIMED trial. A previously validated food frequency questionnaire (137 food items) was administered by trained dieticians in a face-to-face interview. Mean common carotid IMT was measured using B-mode ultrasound imaging of the right and left carotid arteries by four certified sonographers who used a common protocol. Anthropometric and blood pressure measurements were performed and samples of fasting blood were obtained. Participants were categorized into four groups (roughly quartiles: p21; 421 to p25; 425 to p31 and 431 g/day) of energy-adjusted intake of dietary fibre. Multiple linear regression models were used to adjust for age, sex, centre, smoking, body mass index, diabetes, blood pressure, lipid levels and statin use. Results: In the crude analyses, energy-adjusted fibre intake showed a significant inverse correlation with IMT (r ¼ À0.27, Po0.001). In multivariate analyses, a modest, though statistically significant (P ¼ 0.03) inverse association between energyadjusted fibre intake and IMT was also found. The multivariate-adjusted difference in average IMT was À0.051 mm (95% confidence interval: À0.094 toÀ0.009, P ¼ 0.02) for participants whose intake was 435 g/day, (n ¼ 47) when compared with those whose intake was o25 g/day (n ¼ 224). Conclusions: Our results suggest that high fibre intake is inversely associated with carotid atherosclerosis.
Introduction
Dietary fibre (DF) intake in western countries has been decreasing in the last decades, and many countries have made recommendations to the population to increase consumption of fibre-rich foods to meet daily amounts of fibre intake compatible with a healthy diet. Thus, the US Food and Drug Administration recommends 25-35 g/day fibre intake (US Department of Health and Human Services, 2005) and the Ministry of Health, Labour and Welfare in Japan recommends 20-25 g/day (Ministry of Health, Welfare and Labour, 1984) .
Reduced DF intake is associated with colonic diseases, such as cancer and diverticulitis (Levi et al., 2001) and has also been related to impaired glucose tolerance (Ludwig et al., 1999) , high levels of serum cholesterol (Slavin et al., 1999) and increases in serum inflammatory markers (Ajani et al., 2004; Ma et al., 2006) . Thus, by way of mediating pathways (insulin resistance, lipids and systemic inflammation), low DF intake might be associated with a higher cardiovascular risk. A pooled analysis of prospective cohort studies found that a higher DF intake was inversely associated with the risk of coronary heart disease (Pereira et al., 2004) . Other cohort studies have also reported lower incident coronary heart disease among participants with higher DF intakes (Todd et al., 1999; Bazzano et al., 2003) . In addition, a case-control study in Spain found a strong inverse association between DF intake and the risk of a first myocardial infarction (Martínez-González et al., 2002) .
If DF intake influences the risk for coronary heart disease, it is very likely that it will also affect atherosclerosis in carotid arteries that can be evaluated by imaging techniques, such as B-mode ultrasound. Sonographically defined carotid intima-media thickness (IMT), a surrogate marker for cardiovascular risk (De Groot et al., 2004) , has been evaluated in relation to DF intake in a single study, the prospective Los Angeles Atherosclerosis study (Wu et al., 2003) . In this study, total fibre intake was unrelated to 2-year carotid IMT progression, whereas soluble fibre intake was weakly associated with less IMT progression in relation with favourable lipid changes. Thus, there is little evidence for a protective role of DF intake on carotid atherosclerosis, as assessed by IMT. Our objective was to assess the association between the intake of DF in the preceding year and carotid IMT in a Mediterranean population at high cardiovascular risk.
Methods

Study design and study population
The PREDIMED study is a large, parallel group, multicentre, controlled and randomized trial aimed at assessing the effects of the Mediterranean diet on the primary prevention of cardiovascular disease (http://www.predimed.org). The PREDIMED protocol has been described in detail elsewhere (Estruch et al., 2006; Zazpe et al., 2008) . In brief, 10 recruitment centres are participating in eight Spanish cities. The participants for this study were recruited from primary care health centres in Pamplona and Barcelona. Participants are men between 55 and 75 years of age and women between 65 and 75 years of age, fulfilling entry criteria, namely, the presence of type 2 diabetes mellitus or three or more of the following risk factors: body mass index (BMI) X25 kg/m 2 , hypertension (blood pressure X140/90 mm Hg or treatment with antihypertensive drugs), low-density lipoprotein (LDL) cholesterol X160 mg per 100 ml or treatment with lipidlowering drugs, high-density lipoprotein (HDL) p40 mg per 100 ml, current smoking or family history of early-onset cardiovascular disease. Exclusion criteria were history of cardiovascular disease, any severe chronic illness, drug or alcohol addiction, history of allergy to olive oil or nuts or a low predicted likelihood of changing dietary habits. Random subsamples of 199 of 1055 participants recruited in the Pamplona centre and 258 of 537 patients recruited in the Barcelona Hospital Clínic centre were selected for IMT studies. All participants provided informed consent to a protocol approved by local Ethical Review boards.
Measurements
Diet was assessed by trained dieticians who administered a 137-item food frequency questionnaire (FFQ) previously validated in Spain (Martin-Moreno et al., 1993) in a face-toface interview. Nutrient intakes were computed using Spanish food composition tables (Moreiras et al., 2005) . The participants were asked about the frequency of consumption of each food item during the past year, specifying the usual portion size. A total of nine possibilities of frequency of consumption were considered, from never to more than six times a day. Physical activity was assessed at the baseline visit with a validated Spanish version of the Minnesota Leisure time physical activity questionnaire (Elosua et al., 1993) . In this visit, the dietician also asked 47 questions about educational achievement, tobacco smoking, history of previous diseases and medication use. Anthropometric, blood pressure and ankle-brachial index measurements were performed and samples of fasting blood and spot urine were obtained.
Carotid ultrasonography B-mode ultrasound imaging of the right and left carotid arteries was performed with a 7-10 MHz broadband linear array transducer. The ultrasound equipments used in the study were both Applio (Toshiba, Nasu, Japan) and Sequoia (Siemens, Mountainview, CA, USA) in Hospital Clinic of Barcelona and HDI 1500 (ATL, Bothell, Washington, DC, USA) in the University of Navarra Clinic of Pamplona. Patients were examined in the supine position with the head turned 451 contralateral to the side of scanning. A standardized imaging protocol was used for the IMT measurements in the common carotid. With the carotid dilatation and flow divider as anatomic landmarks, the sonographer obtained high-resolution images of the common carotid (1 cm proximal to the bifurcation) using a single lateral angle of insonation and optimizing the image for the arterial far wall. All ultrasound procedures were performed by four certified sonographers (PI, MR, RG and IN) who were blinded to clinical and dietary information. Digital images from diastolic frame recordings were electronically transferred to either an offline workstation for quantification or stored on DVD for ensuing offline IMT measurements.
The outcome variable mean common carotid IMT was defined as the average of four to eight distances between the far wall lumen-intima and media-adventicia ultrasound interfaces taken bilaterally with electronic callipers in scans obtained at the Barcelona centre, as described (Junyent et al., 2006) . Off-line measurements of IMT were performed by using the edge-tracking software M'Ath (ICN-METRIS, Argenteuil, France), as described (Buil-Cosiales et al., 2008) . This software searches for the true wall boundaries using an intensity gradient detection algorithm, and provides the mean and the maximum values of multiple measurements performed over a distance of 10 mm. The sonographer verified that the quality index (QI) was X0.5 for a measurement performed over a distance of 10 mm on the far wall of each common carotid artery. As 150 values could be obtained automatically by edge detection over 10 mm, a QI X0.5 means that more than 50% of these measurements were available for IMT averaging. The system provides the mean value of the thicknesses measured with a precision of three decimals of a millimetre in a very short time (o0.1 s).
To correct for variability of IMT measurement between the two centres, DVD-stored scans from the right and left common carotids of 35 participants previously assessed in Barcelona were read with the M'Ath software in Pamplona. From the comparison of IMT values obtained in the two centres, a regression equation was obtained and used to correct IMT so that data from the two centres could be pooled for statistical analysis (
Statistical analyses
For a two-sample comparison of means (IMT ¼ 0.800 mm versus 0.750 mm) with SD ¼ 0.15 for both, assuming a twosided a-error ¼ 0.05 and power ¼ 80%, the sample size needed was 284 participants. We included a higher number of participants (457) to be able to perform multivariate adjustments and subgroup comparisons to better assess dose-response trends. For the purpose of this study, participants were categorized into four groups (roughly quartiles) of total DF intake in g/day: p21; 421 to p25; 425 to p31 and 431 g/day. We chose to use these specific round cut-off points because they are more meaningful per se, and could be more easily used for future comparisons of our results with other independent studies, as it has been recommended for categorization of continuous variables in epidemiological studies. (Greenland, 2008) . In addition, the categorization we selected also preserved the distribution in roughly equally sized groups that is the principal statistical advantage of using quantiles. We used the residual method to adjust dietary fibre for total energy intake (Willett and Stampfer, 1998 
Results
The study sample included 457 participants, 56% women, with a mean age of 67.1 years (95% CI, 66.6-67.7); 49.7% had diabetes and 18.2 % were current smokers. Energyadjusted fibre intake showed a significant inverse correlation with IMT (r ¼ À0.27, Po0.001). Energy-adjusted mean DF intake was 26.1 g/day (95% CI, 25.4-26.7). Clinical variables that might confound the analysis according to categories of fibre intake are shown in Table 1 . The consumption of DF was inversely related to average systolic and diastolic blood pressure. In univariate analyses, other risk factors (BMI, waist circumference, LDL cholesterol, HDL cholesterol or triglycerides) were not significantly associated with DF intake (Table 1) . However, in age-and sex-adjusted analyses, we found an inverse association between DF and average BMI (P ¼ 0.03). Age-and sex-adjusted results remained non-statistically significant for the other risk factors (data not shown). We found no evidence of significant heterogeneity according to sex when we tested the interaction fibre by sex.
As shown in Table 2 , mean IMT values showed a decreasing trend across groups of increasing DF intake, from 0.818 to 0.739 mm in the univariate model (Po0.001). Adjusting for sex, age and centre considerably attenuated the association, which was further weakened when we additionally adjusted for cardiovascular risk factors including statin use, rendering smaller differences, though they were statistically significant in the multivariate-adjusted linear regression model (P ¼ 0.03).
The multivariate-adjusted differences in average IMT were À0.008 mm (95% CI: À0.034 to þ 0.019) for patients with energy-adjusted DF intake between 25 and 35 g/day (n ¼ 186), and À0.051 mm (À0.094 to À0.009, P ¼ 0.02) for participants whose intake was 435 g/day (n ¼ 47), both compared to those with intake o25 g/day (n ¼ 224).
When we explored the association between the major sources of DF and IMT, we found a statistically significant inverse association between fruit consumption and IMT after adjustment for sex, age and centre (Table 3 ). The inverse association between fruit intake and IMT persisted after multivariate adjustment (Po0.01) for the linear trend test additionally adjusted for smoking, BMI, systolic and diastolic blood pressure, diabetes, LDL cholesterol, HDL cholesterol and statin use. No significant associations were observed for the vegetable, cereal or legume groups.
Discussion
Our study showed a low-magnitude, although statistically significant, inverse association between DF intake and IMT, which has been considered as a predictor of future cardiovascular events. These findings are consistent with the results of other studies using clinical endpoints, such as coronary heart disease or cerebrovascular disease (Todd et al., 1999; Martínez-González et al., 2002; Bazzano et al., 2003; Pereira et al., 2004 , Oh et al., 2005 . Among specific food groups that are good sources of DF, we found an inverse association only between fruit consumption and IMT. This finding is consistent with a recent report showing an inverse association between fruit consumption and IMT in Norway (Ellingsen et al., 2008) and with systematic reviews of epidemiological studies reporting a stronger association for fruit than for vegetable consumption with a reduced incidence of cardiovascular endpoints (Dauchet et al., 2005 (Dauchet et al., , 2006 . A recent report from a Japanese cohort (Takachi et al., 2008) is also consistent with cardiovascular protection afforded by fruit but not by vegetable consumption. In addition, a previous case-control study in Spain reported a reduction in the risk of myocardial infarction associated with DF or fruit intake, but not with vegetable or legume consumption (Martínez-González et al., 2002) . Taken together, these findings support that, beyond distinctions between soluble or insoluble fibre, fruit consumption represents an excellent source of DF than can be recommended in a population-wide strategy for cardiovascular prevention.
There are few studies assessing the relationships between IMT and DF intake. Wu et al. (2003) reported a significant inverse association between soluble DF intake and IMT progression, but they did not find any correlation at Table 2 Mean carotid IMT (mm) according to categories of energy-adjusted fibre intake Multiple linear regression models (adjusted or not for potential confounders) with energy-adjusted fibre intake as a continuous independent variable.
DF intake is inversely associated with carotid IMT P Buil-Cosiales et al baseline. The differences in the results of this study with ours could be due to the evaluation of DF intake using only two 24 h food recalls, compared with an FFQ covering intake for the preceding year in our study. Another study (Mellen et al., 2007) evaluated the relationship of whole-grain intake with common carotid artery IMT and found a strong inverse association.
The mechanisms involved in the reduction of the progression of atherosclerosis associated with DF intake are not clear. Fibre may contribute to prevent weight gain, and consequently to reduce the risk of atherosclerosis. In fact, some studies assessing BMI instead of IMT as the main outcome have found inverse relationships, as we did between BMI and DF intake (Ludwig et al., 1999; Liu et al., 2003; Lairon et al., 2005; Bes-Rastrollo et al., 2006; Murakami et al., 2007) . However, others did not find this association (Pietinen et al., 1996; Wu et al., 2003) . Van de Vijver et al. (2009) found an inverse association between whole grain and BMI, but the inverse association between DF intake and BMI was present only in men. In addition, an increase in BMI was found to be a strong predictor of mild, moderate and severe progression of carotid IMT, but not for others clinical marker of atherosclerosis (carotid plaques, aortic atherosclerosis or braquial-ankle index) (Van der Meer et al., 2003) .
A protective effect of DF for cardiovascular disease might be mediated by cholesterol lowering (Ludwig et al., 1999; Lairon et al., 2005) . However, DF intake was not associated with the serum levels of LDL or HDL cholesterol in our study, as reported by other authors (Pietinen et al., 1996; Tillotson et al., 1997; Wu et al., 2003) . Other mechanisms attributed to DF, such as reduced blood pressure (Lairon et al., 2005) and improved insulin sensitivity (Ludwig et al., 1999) , might be implicated in cardiovascular protection.
The absolute levels of dietary fibre intake in our study (mean 26 g/day) were higher than the amounts described in most previous reports. Only a Finnish study found a similar mean DF intake of 26.7 g/day (Pietinen et al., 1996) . Other studies have reported lower DF intakes: mean 21.9 g/day in men and 17.9 g/day in women in a French population (Lairon et al., 2005) , or a median intake of 13.3 g/day in a study conducted in the US (Ajani et al., 2004) . The finding of such high total DF intake in our participants can be explained because the participants belong to a Mediterranean population, with a customary high consumption of fruits (the usual daily dessert), vegetables and legumes. These food items provide a high amount of DF, as reported in a recent independent survey in Spain (Schroder et al., 2008) . In addition, it is known that older Spaniards show better adherence to a Mediterranean-type diet than younger segments of the population (Sanchez-Villegas et al., 2003) . Similar findings have been reported from Greece (Costacou et al., 2003) . Labarthe (1997) suggested that the limited observed range of values for fibre intake in most studies may not be sufficiently large to find associations with clinical variables. The low average levels of DF intake in most previous studies could explain the differences in outcomes with this study. Nevertheless, Pietinen et al. (1996) did not find differences in the prevalence of risk factors across categories of DF intake even though they reported similar average absolute levels as in our study. It is likely that bioactive compounds present in fibre-rich foods, such as trace minerals, antioxidant phenolics, vitamin E or phytoestrogens with potential hormonal effects (Slavin et al., 1999) , may also reduce cardiovascular risk while operating by different pathways than lipid and glycemic regulation.
Some limitations of our study should be acknowledged. A potential limitation is that IMT measurements were performed in two centres using different image-reading procedures. However, the use of a standardized protocol by certified sonographers and the adjustment of IMT measurements by using a regression equation derived from reading the same scans in the two centres minimize variability and are acceptable for cross-sectional studies (Touboul et al., 2004) . Residual confounding because of unmeasured or uncontrolled variables is another potential limitation, even though we adjusted for the relevant risk factors. More importantly, the cross-sectional design of the study is a limitation to establish causality due to the possibility of reverse causation bias. Longitudinal studies are needed to confirm the observed inverse association between DF intake and IMT. Participants in our study were at high cardiovascular risk, thus the results may not apply to a healthier cohort. Finally, our estimates of nutrient intake were based on a validated FFQ, which was fairly accurate for DF (the deattenuated correlation coefficient between the questionnaire and diet records was 0.54) (Martin-Moreno et al., 1993) . FFQs are liable to measurement errors, but they most likely would have introduced a non-differential misclassification, and the implications for the results would have biased the estimates towards the null. Our results support the current dietary guidelines recommending an increased consumption of DF, including both soluble and insoluble fibre, and they suggest that a total DF intake higher than 35 g/day will is associated with reduced carotid atherosclerosis.
